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Presented in this volume ix a review of the KH-9 performance against the standing 
search and MC&G requirements for the first twelve missions. Included are a brief descrip- 
tion of the KH-9 satellite system, the evolution of the search and MC&G requirements, 
collection statistics, and some specific examples of the unique contributions made by the 
KH_-9 system while performing the search mission. The majority of the data presented was 
extracted from existing reports and publications by the participating organizations. 
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1.6 INTRODUCTION 


This historical review was performed in response to Task 2 set forth in the Terms of 
Reference for the KH-9 Search and MC&G Performance Study and e companion 


1.1 Objectives 


The objectives of this review were to establish in quantitative terms the KH-9 historical 
performnance against the standing broad area search and MC&G requirements and to es- 
tablish a reference against which new collection strategies, when applied to new collection 
requirements, could be judged. 


1.2 Participants 


The data presented in this volume was compiled by a working group chartered by the 
HOSS steering Group. Participating in the working group were representatives from a 
program element of the Nationa] Reconnaissance Office, COMIREX/IC Staff, Defense 
Mapping Agency. National Photographic Interpretation Center, and Defense Intelligence 
Agency. These organizations were responsible for compiling and collating the information in 
this report. 


2.0 KH-9 SYSTEM DESCRIPTION OVERVIEW 


The KH-9 System was developed to collect stereoscopic broad area imagery at a resolu- 
tion adequate for both general search and surveillance. It collects imagery in the two to 
twenty-foot GRD range. The satellite vehicle contains two camera systems - a dual camera 
panoramic system and a stellar terrain camera system. Imagery collected by the panoramic 
system is used primarily for search and general surveillance, but it does have MC&G ap- 
plications. The stellar terrain camera system, first flown in 1973 on satellite vehicle number 
5, provides DMA with imagery at the required quality and metric accuracies for point 
positioning to establish a suitable data base for the production of MC&G products. 


2.1 The Satellite System 


The KH-9 satellite consists of three major sections - the forward. the mid, and the aft 
sections. The forward section contains the four reentry vehicles for recovery of film exposed 


by the panoramic cameras; the stellar terrain mapping camera and the fifth reentry vehicle 
mio FO ne 


The midsection contains the dual camera panoramic system, its film supply and the sup- 
porting electronics. The dual camera system provides for stereoscopic coverage within 60 
degrees either aide of nadir. 
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overlap. respectively, At 95 nautical miles,each frame covers an area of approximately 71 by 
142 nautical miles. The terrain camera carries approximately 3,330 teet of film. This yields 
about 2,000 frames of photography. 


The two stellar cameras provide a means for accurately determining the attitude of the 
terrain camera at the exact time of exposure. They are oriented in such a way that the star 
field is photographed simultaneously with the acquisition of terrain photography. The film 
format consists of two adjacent frames which are 70 mm by 110 mm. The stellar cameras 
together consume approximately 2,000 feet of film which yields about 2,000 pairs of stellar 
frames. See Table 2-3 for a summary of the MCS features and Table 2-4 for mission 
statistics, 


A doppler transponder accompanies the MCS frame camera. The on-board transponder 
is tracked by a 42-station TRANET and GEOCEIVER network, resulting in a worldwide 
camera on-orbit position determination capability accurate to 27, 18 and 9 meters (one 
sigma) for in-track, cross-track and radial components, respectively. 


3.0 REQUIREMENTS 


3.1 Standing Search 


3.1.1 Evolution of Search Requirements 


The following paragraphs trace the evolutionary process responsible for the present 
structure and dimensions of the Intelligence Community’s standing requirements for 


periodic broad area coverage of the Communist countries and regions of conflict in the Mid- 
dle East. 
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3.1.1.1 Late 50's and Early 60's 


To understand the initial requirements for satellite-borne broad area collection, it. is 
necessary to recall the environment of the late 1950's. Although U-2’s had been overflying 
the Communist countries for several years, a large fraction of the Eurasian landmass had yet 
to be photographed even once. The other sources of intelligence then available seemed to be 
unearthing new problems about as fast as they were solving old ones. The maps in our 
possession were old and/or unreliable. The weapon systems perceived to be the major threats 
embédied technology too new to support reliable assessments of just where and how they 
could be deployed. The quality of the imagery needed to.detect the as-yet-unseen ICBM 
deployment sites could only be guessed at. : 


Under these circumstances, the initial requirement, issued in 1958, called for coverage of 
the entirety of the Eurasian communist countries every six months. A resolution of twenty 
feet was judged to be adequate unless the Soviets deployed: mobile or transportable ICBMs, 
in which case resolutions of ten feet or hetter might be needed. In July 1960, shortly before 
the launch of the first successful imaging satellite mission, the need for 20-foot resolution 
was reaftirmed. The value of stereo coverage was not addressed, and that potential issue 
soon disappeared, as the camera system adopted was designed to operate in stereo.’ 


Although the initial standing requirements lacked specific guidance concerning collec- 
tion priorities, the dominance of the threat posed by the Soviet ICBM program to a large ex- 
tent controlled the pattern of collection during the early years of the imaging satellite 
program. Long before the summer of 1960 - indeed, as soon as the USSR began to deploy 
strategic missiles - the Intelligence Community singled out certain regions as the most 
promising for launch sites. These delineations fairly quickly became quite sophisticated 
and, as it turned out, accurate. Twenty-three of the 26 Soviet ICBM complexes are located 
in or very close to regions described as likely deployment areas. 


* Memorandim from Ad Hoe Intelligence Requirements Cormmitter to Director, ARPA, & December 1958 
(Reprinted in USTH-D-33,6/6, 10 March 1960); USIB-D-33.6/8, § duly 1900. 
“ aa of the basic collection concepts employed today had been enunciated by the time of the first succenaful 
ight: ; 
“The photographing aysters must be capable of obtaining coverage of denied areas at ob- 
ject resolutions of approximately 20 feet, 5 fect EM on no side.” 


“The system must provide for repest coverage of targets at those varivus resolutions, 
depending on the nature of the target and the intelligence problem involved.” 


“The periadicity uf this repeat coverage will also depend on the nature of the target and 
the intelligence situation, as well as on other sources thet. can be brought to bear on it.” 


“From an ideal point of intelligence utility, many of the high priority and highest 
Priority targets should be covered at intervals on the order of J to 6 months, but the 
reconnaissance system should have sufficient flexibility to permit the coverage to be 
tuned © meet the needs of the specific intelligence situation as it develops. 


“The photo syatem should be capable of obtaining coverage and readau:t within 24 hours 
on selected objectives anywhere within Soviet territory...“ 


“It ig imperative that current, indisputable information be availabie on (targets where 
Soviel strategic strike forces are located) to accurately assess Soviet capabilities and in- 
tentions and to enable effective retaliatory strike planning ..." 
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agreement that a swath width “on the order of 200 miles” was needed, and the Defense 
Department. agencies stated that the six million square miles constituting the so-called 
built-up areas of the Communist. countries should be covered every 45 days, and the remain- 
der of these countries should be covered every 90 days. The “practical impossibility” of ob- 
taining complete coverage of such large areas over such short time spans was noted, 
however.’ 


Following its discussion of the papers submitted by the requirements committee, the 
USIB instructed that they be forwarded to the NKO for study and comment. Then followed 
more than a year of intensive activity that bore fruit in July 1964 with the USIB’s endorse- 
ment of a recommendatian that work proceed rapidly toward achievement of 


“A single capability for search and surveillance with a continuous 
stereoscopic ground coverage equivalent to KH-4 and a resolution 
equivalent to KH-7 ...”" 

This guidance was the basis for the development of the KH-9 system.‘ 


With the question of image quality out of the way, the Community next turned to recon- 
sideration of frequency and distribution. In March 1965, the USIB forwarded to the NRO 
guidance intended to permit the launch rates of KH-4 satellites to be sized “for the next two 
years or x0."" This guidance, the ‘first long-term standing search requirement sent to ihe 
NRO hy the USIB in nearly five years, called for cloud-free coverage of the entire Sino- 
Soviet area semiarmually, with priority to be given to built-up parts. The impossibility of 
achieving complete coverage was recognized, however, and the requirement was backed up 
with a recommendation that a program of ten succeasful launches per year be planned. 
Statistical evaluations by the NRO had indicated that such a rate would result in coverage 
of about 90 percent of the Sino-Soviet landmass semi-annually.’ 


In the summer of 1966 the USIB furnished amplification of the KH-9 guidance levied two 
years before. The need for a swath width “at least’ equivalent to the KH-4’s and a resolution 
equivalent to the KH-7’s was reaffirmed. On the basis of “the results obtained and general 
satisfaction with search coverage acquired over the last 18 months with the KH-4’” the fre- 
quency and distribution of the required coverage was modified as follows: 


“Search Mission. KH-9 should have the capability to provide 
stereoscopic, cloud-free (about 90 percent) photography of about 80-90 
percent of the built-up areas af the Sino-Soviet bloc (approximately 6.8 

’ USIB-D-41,14/4, 26 January 1963; USIB-D-41.14/28, 19 April 1963. In USIB-D-41.14/28, also diszeminated on 
12 April, the built-up areas were identified as “the European Satellites; European and trans-Ural USSR, the 
area within 100 miles on either aide of the Trang-Siberian railroad between Petropavievsk and Kharbarovek, 
the Soviet Far East, south central Asia, the provinces of “old” Chins, Manchuria, North Korea, North Viet- 
nam. and the Arctic coast during the summer period.” 

" USTB-D-4] 14/96, 25 April 1963; USIB-D-41.13/11, 31 July 1964, In USIB-D.41.14/294, 2t dune 1966, the Board 
made clear thai what it had in mind was a swath width of at least 150 miles and 4 resolution of (3-5 feet over the 
total format.” : 

*USIB-D-41,.14/229. 19 March 1968 and USIB-D-41.14/235, 26 March 1965, 
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million sq. nm.) semiannually and should provide similar coverage of 
about 7 percent of the undeveloped areas (2.8 million sq. nm.) annually 
... In addition to search of the Sino-Soviet bloc, KH-9 should provide the 
capability to acquire coverage of contingency areas in other parts of the 
world en demand.” 


This guidance possessed several new features. The call for compiete coverage that 
previously had been specified was dropped in favor of levels that experience indicated were 
realizable, They were, in addition, levels the Community judged to be adequate to meet. es- 
-gential needs - subjective judgments that were, however, based on feel rather than on 
technical analysis. Then too, for the first time in official guidance, the distinction between 
built-up and undeveloped regions was delineated on a map (see Figure 3-1). Also new at the — 
USIB level was the Community’s acceptance of imagery Jess than completely cloud-free as 
adequate for search. And new for the KH-9 was the recognition of areas outside the Com- 
munist countries that might have to be acquired." 


Coverage needs for the non-Communist countries were not. expected to exceed three 
smiilion square nautical miles annually. 


The requirement. also described a non-search role to be performed by the system: 


“Surveillance Mission. In recognition of the capability of the KH-9 to 
abtain high resolution area coverage...we believe it appropriate to 
specify frequency of coverage in terms of surveillance of geographic areas 
representing target clusters ... Based on target distribution, we have 
identified about one hundred clusters ranging im size up to 120-mile by 
120-mile areas in which approximately 70 percent of current targets are 
lucated.”” : 


Although potential cluster areas had been identitied, no delineations were included in 
the USIB guidance, and the NRO was told that experience with KH-9 collection would have 
to precede confident identification of collection frequencies; until then, “for planning pur- 
poses”’ it should anticipate covering 80 percent of the cluster areas quarterly. 


Later in 1966, the Community brought the standing requirements for KH-4 collection 
into line with those established for the KH-9. Although it found the principle of obtaining 
compiete coverage of broad areus still attractive, the Community “had learned through ex- 
perience that operational considerations make the fulfillment of such a requirement highly 
unlikely under normal circumsatances.”’ For this reason, it endorsed 3 program calling for ap- 
proximately ten successful KH-4 launches annually, which it believed would yield 
stereoscopic, cloudfree coverage of: 


- More than 80 percent of the built-up areas semiannually, 
- More than 80 percent of the undeveloped areas. annually; 
- Approximately 2.5 million square miles outside the Bloc annually; 


* USIB-0-41.147294, 21 June 1966 and USIB.D-41.14/296, 20 July 1966. Use of the KH-4 for periodic earch of 
non-Communiat countries was specified in the 1965 guidance for that system. 
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FIGURE 3-1. MAP WHICH SHOWS FIRST BREAKOUT OF BUILT-UP AND UNDEVELOPED REGIONS 
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air, ground, sea and space operations, and for intelligence and military planning. The 


geodetic data derived from satellite imagery provides the military with tens of thousands of 
accurate point locations needed for operation of strategic and tactical weapen systems. 


Satellite imagery requirements to support these various military MC&G production ac- 
tivities have several different aspects. They include coverage of various areas of the world by 
imagery of varying degrees of resolution and metric fidelity, which includes: calibration, at- 
titude determination (pitch, roll and yaw at instant of exposure), and accurate determina- 
tion of camera location at time of exposure (latitude, longitude and elevation determined by 
means of a doppler device and timing marks on the film). Among the technical requirements 
that are satisfied in whole or in part by the current configuration of the NRP satellite 
systems is the derivation of specific levels of horizontal and vertical accuracy of targets and 


other positional data for maps and feature analysis - both on a World Geodetic System - 


(WGS), ae well as on a more localized regional datum basis. 


Operational weapon systems including Minuteman T/T. Polaris, Poseidon. Lance. 
Pershing, B-52, and F-111 are dependent on this positional information and on maps and 
charts for navigation and target strike. 


3.2.1 Evolution of MC&G Requirements 


Military MC&G has employed satellite photography since 1960. With the aid of this 
photography. DMA and its predecessor organizations have produced over 50,000 different 
maps and charts out of a current requirement which exceeds 80,000 worldwide, levied by the 
Unified and Specified Commands, the Military Services and the Intelligence Community. 


Photographic coverage of metric accuracy {currently provided by the KH-9 MCS) and 
medium to medium-high resolution (2 to 10 feet , such as that provided by the KH-9 pan- 
oramic camera} is indispensable at present, and will continue to be into the 1980s, for the 
production and updating of these MC&G products to support operational needs. 


The satellite systems of earlier NRP projects were limited by evolving system design and 
state-of-the-art improvements for hardware/software components from which optimum on- 
orbit performance could be generated. The three-inch focal length frame cameras of the KH- 
4, KH-5, and KH-8 APTC (Astro-Positioning Terrain Camera) were initially emploved to 
provide the early 1960 era worldwide MC&G coverage. This coverage has some of the 
features needed for meiric fidelity. Much of the coverage included the stellar index camera 
coverage for attitude determination, but much of it does not permit positioning of points to 
accuracies sufficient for a significant number of MC&G products. 

Only five of the KH-4 Dua] Improved Stellar Index Camera (DISIC) missions had the 
doppler transponder which provided good positional data. About 20 million square nautica! 
miles of KH-4 DISIC frame was collected worldwide between 1962 and 1972, and 16 million 
square nautical miles of KH-4 DISIC with doppler was collected worldwide between 1970 
and 1971. Nearly all of the Eurasian Communist countries were covered. The KH-4 DISIC 
frame coverage with doppler provides accuracy of 76 meters for horizontal positioning. 
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KH-3 was a frame camera system which provided MC&G coverage of more than 43 
nxvillion square nautical miles from 1962 through 1964, primarily for geodetic positioning. 
This system had a three-inch focal length terrain frame camera and a stellar camera. Since 
it did noi include a doppler geodetic package, this photography gives a best accuracy of only 
230 meters horizontal. This material temporarily satiafied some of the early accuracy re- 
quirements for positioning, but for the 1970 time period the KH-5 coverage cannot. be relied 
upon for production of Class A maps at scales of 1:250,000 and larger because 1:250,000 
maps require a horizontal accuracy of 127 meters. 


The KH-8 APTC system inchided a three-inch focal length frame terrain camera, which 
provided imagery from Mission 4301, August 1966, until the end of Mission 4340, November 
1973. Since the APTC did not include a doppler geodetic package, this coverage cannot be 
used for accurate point positioning. APTC ground resolution was estimated to be about 13(! 
feet vompared with 120 feet for the KH-4 DISIC, and 20-50 feet for the KH-9 MCS. The 
APTC generally has provided an additional source of photographie coverage in areas not 
otherwise covered. However. this imagery source will only be used in particularly low 
priority areas with high cloudiness, where only small scale mapping is scheduled. 


Most of the three-inch focal length photography is now out of date and cannot. therefore, 
be used. for revising maps whose cultural information is out of date. Utilization of the three- 
inch coverage is more costly than is the use of the KH-9 MCS coverage. It is also 
questionable whether the uncontrolled three-inch frame coverage has significantly enhanced 
MC&G production unless controlled KH-9 MCS coverage is available. 


3.2.1.1 Non-Metric Requirements 

Area requirements for panoramic imagery include the entirety of the Eurasian Com- 
munist countries and approximately 22.4 million square nautical miles of the remaining 
land areas of the world for a total of 32.8 million square nautical miles. The collection 
parameters are for 90% cloud-free coverage: stereoscopic for original compilation and 
monoscepic for revisions and map updates. This requirement was not subdivided into 
priority areas; however, the compilation of panoramic requirements submitted for each KH- 
9 mission are prioritized. Standing search requirement areas are not tasked for MC&G 
collection since MC&G needs in this area are generally satisfied by panoramic imagery 
collected in response to Intelligence Community requirements. 


Of the more than 10 million square miles in the Communist countries, roughly 1.3 
million square nautical miles for original compilation remain to be covered in quality ade- 
quate for MC&G, See Figure 3-5. Approximately 2.5 million square nautical miles outside 
the Eurasian Communist countries required for MC&G are in tropical areas that 
traditionally experience extremely heavy cloud cover. Charts and maps of these areas are re- 
quired but because of the poor weather resources are generally not programmed to collect 
these areas, 


In general, original compilation coverage or recoverage of the 22.4 million square nautical 
miles (outside the Eurasian Communist countries) is needed to form a data bank of pan- 
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3.2.2.1 Point Target. Requirement 


High content monoscopic satellite materials are used to update airfield features, produce 
large-xcale city maps and generate port/harbor charts. The total validated requirement (as 
of FY 76) for point target coverage is 45,900 which is made up of 42,500 airfields, 1,600 city 
grapbics, and 1.800 ports/harhors. An active target file for collection containing 3,000 
prioritized point targets is maintained operationally. This file is continuously monitored 
and updated as point targets are accessed by satellite systems. KH-9 film is not allocated 
against these unique targets: however, the targets are included in the collection file to add 
emphasis for imaging in conjunction with MC&G and intelligence requirements. At least 2, - 
30) targets are required per year, based on the specified sample rates. 


3.2.2.2 Broad Area Non-Metric Requirements 


The Broad Area MC&G coverage requirements are for both monuscopic and stereoscopic 
panoramic imagery to satisfy original compilation and product revision. The current KH-9 
requirement is for 9.6 million square miles outside the Eurasian Communist countries. The 
MC&G Broad Area coverage requirement is divided into two collection categories: 
stereoscopic coverage which is divided into two priorities (high and low) and monoscopic 
coverage (see Figure 3-6, Table 3-1 and Table 3-2). 
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“Exctudes the Sino-Saoviet Area and important areas of the Middle East. on which pan 
coverage is provided in response to intelligence requirements. Also incudes the U.S. 
oe Survey requirement for coverage of 0.3 millian square nautical miles of the U.S. 
annuafly. 


** Military recoverage requirements for non-Communist areas extand beyond FY 1978 at an 
annual rate of 2.0 million square nautical miles. This requirement is a continuing one, to 
_ Satisfy requirements for periodic updating of MC&G products. 
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As indicated in Tabie 3-4, a technica! objective to support advanced weapon systems 
with 23 meters (CE 90% probability) with reference to the WGS is the driving future require- 
ment for the horizontal accuracy portion of the military MC&G products. This technical ob- 
jective, which would be in direct support of both the Advanced MX-ICBM and the new 
Cruise Minsiles, would require repositioning all of the targets in the National Target Base 
(NTB). 


The NTB currently consists of approximately 42,000 targets used by strategic forces in 
the implementation of the Single Integrated Operations Plan (SIOP). The accuracy re- 
quirement for positioning targets in the NTB has become incrementally more stringent, as 
weapon systems have improved, from over 300 meters in the mid-60's to a current require- 
ment of 62 meters horizontally. 


Stringent vertical WGS accuracies related to the NTB, Short-Range Attack Missiles 
(SHAM) radar reference points and mini-bloc data fur B-52 penetration route planning are 
cuncentrated in the Sino-Soviet areas. Present validated requirements call for 29 meters LE 
at 90°% probability vertical accuracy in positioning of the NTB targets. The technical objec- 
tive for the Advanced MX-ICBM is 17 meters at 90% probability for the NTB targets. Other 
vertical requirements are shown in Table 3-4. 
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Measuring KH-9 performance against MC&G collection requirements is, to a large ex- 
tent, more straightforward given that the system delivers the required image quality and 
mode (mono or stereo), and the necessary data for point positioning at the required ac- 
curacies. The most. significant evaluation criteria is the gross cloud-free square nautical 
miles returned by mission. 


4.1 Coverage Statistics 


Three types of coverage statistics are presented in this section - gross coverage, age dis- 
tributions, and NITRS distributions. Gross coverage statistics are presented for both area 
search and point target surveillance. These statistics show area attempted, area cloud-free, 
and film used. Age distributions are graphical ways of viewing KH-9 effectiveness in 
meeting the standing search collection objectives. NIIRS distributions provide a means for 
assessing the interpretability of the imagery. 


Two types of NIIRS distributions are presented in this section - point ratings and area 
ratings. The point ratings are ratings assigned to point targets hy the photeinterpreter dur- 
ing the exploitation process. These ratings are generally applied while viewing the imagery 
in stereo and are maintained in the Installation Data File (IDF) by NPIC. 


The area ratings are applied during the search exploitation process. Unlike the point 
ratings. they are applied to large areas. They are assigned to film segments. For film exposed 
within 30 degrees of obliquity, the ratings are assigned for every 15 degrees of obliquity and 
for every 7-1/2 degrees of obliquity for film exposed outside 30 degrees. Area ratings are 
assigned while viewing the imagery monoscopically. The ratings are. maintained in the 
Nationa] Area Exploitation File (NAEF). Most. of the KH-9 imagery receives an area NITRS 
rating. 

The ratings contained in both files represent a single photointerpreier's assessment of the 
imagery. For large samples, the difference in mean rating between point ratings and area 
ratings is about .4 NIIRS units with the point ratinga being higher. This is due primarily to 
the fact that the point ratings are assigned while viewing the imagery in stereo at higher 
magnifications and the mono ratings are assigned at lower magnification while viewing the 
image monoscopically. 


4.1.1 Performance Summaries for Broad Area Search 
4.1.1.1 Gross Coverage Achievements 

Table 4-1 summarizes the gross coverage achievements of all past. KH-9 missions. It 
shows also the number of unique COMIREX targets imaged by each mission. The total im- 


aging capacity of the KH-9 system has averaged about 19 million square nautical miles per 
mission. The first three KH-9 missions were flown at higher altitudes and employed higher 





“The NIERS rating system became operational in 1974, Until its advent there was no systematic way of assexning 
the overall interpretability of imagery produced by satellites. It was designed for application to point targets. 


but soon after ite development it. was applied to xearch imagery. The first KH-9 mission to be NIIRS rated was 
1207, 
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FIGURE 4-5 


NAEF NIIRS DISTRIBUTION AND CUMULATIVE DISTRIBUTION 
FOR KH-9 MISSION 1216 
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FIGURE 4-7 
NAEF NIIRS DISTRIBUTION ANDO CUMULATIVE DISTAIBUTION 
FOR KH-9 MISSION 1212 
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FIGURE 4-8 
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FIGURE 4-10 
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